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- DISCLAIMER

This report was prepared under contract to an agency of the United States Government.
Neither the United States Government nor any of their employees makes any warranty,
expressed or implied, or assumes any legal liability for any third party's use of or the
results of such use of any mformauon. apparatus, product. or process disclosed in this
report, or represents that its use by such third party would not infringe on privawly owned ‘

- rights. Mention of trade names or commercial prnducrs does not constitute endorsement
for use. ‘
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Mnooucnow e o

o April 1973, the U.s Envn-onmenul Protection. Agcncy (EPA) issied the Nauonal
T Emmm Sandards for Haurdous Air Pollutants (NESHAP) for um (38 FR 8820).
. The NESHAP regnhnon governs the telmva.l demolition, and disposal of asbestos-

containing bulk wastes. An asbestos-containing pmduct.asmwdbytl'leregulanon was
deﬁmdforthaﬁmnmetobeapmductwithg:emmmasbems,bywmght ‘rhe

memofthe l%lnmwu.

...t0 ban the use of mm!s which contain s:gmficant

-quantities of asbestos, buttonnowtbenseofmmmls_

: w!m:hwmh (l)mnmnmmnuofubem;wh:ch

'mmnwumﬂsubsm,mda) include very

. small quantities of asbestos (less thas 1 percent) added to
enhmnednmnial‘seﬂ'ecﬁvm. (38 FR 8821)

.' Itmustbecleaﬂyun:brswodthattheEPANESHAPdeﬁmuonofl%bywmghtmnot
Lembhsumheamm-mm - . .

In May 1982. EPA ns.med a n':gulanon which requued schools to mspect and sample
suspect fmb_h surfacing materials for their asbestos content. EPA maintsined consistency

_in its definition of an asbeswos-containing matwrial (ACM) by defining it as 1% by weight.

At that time, the Agency investigawd the available methodologies for measurement of
asbestos fibers. The regulation included an interim methodolouenntled "Interim Method
for the Detammnon of Asbestos in Bulk Insulation Samples” (47 FR 23376). The

'polmzadhwmmmwww&w“mdbycm
.mmenlopmandhnbmpmﬂymepudbyﬁeuﬂmdmmtyasﬂw

wwuhdeWmhﬂtm

| mwiﬂdm:(bxnpmafanmmm 'msprocedm

employs a scheigue called “point counting” nuwubadmmmdthempuccm .
of asbesios in the sample. Mmamm&bymmg:hel%zﬂde
stares .mmammndrywnmmmmmlm

: tbqnuﬁcmadmmofﬁamﬂnm EPA amended this
o wmamnquWIm(ﬂmm EPA altered

paragraph 1.7.2.4 of Appeadix A of the rule by sating, "Paragraph 1.7.2.4 of Appendix A

. of the rule was inended 10 provide for a point counting procedure or an equivalent
ummﬁodfcm;memdmmnh&mm This

1
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correction, acknowledged the practical and economic limitations of the point counting  ° .
-method and permitted the use of the visual estimation methodology. Vlm&l esnmanon -
methodology is employed by most PLM labonmes and gives results which are very |

B amﬂarmnvolmpaccnnge. ts

In t,he following discussion. the vahd.lty of the assumpnom that are made in extrapolating
an area/volume percentage esﬁmalion'mia'wgight percentage estimation of the asbestos
content of insulation and other building materials will be examined. The reader should note

-mauhismmsmmmmymeemdmhﬁmﬁmmmwﬁgmmmgeas

is found when applying the visual estimate technique to deterniine the asbestos contentina

~ bulk sample. The questions of labmamlana.lyst variability of such visual esnmnons are

not consxdered in this discussion. -
RELATIONSHIPS BEI‘WEEN AREA, VOLUME AND WEIGH'I‘ PERCENTAGE

The principles of stereology are well documemed. (see, for example, "Quantitative ‘

' Stereology,” Underwood) ! and will not be rexterated here other than to state-that in

classical stereology, with the assumpnon of a homogeneous distribution of phases within a
solid, there is a direct relationship between the volume fraction of 2 phase present in the
sohdand:hcmfracnonofthatphaseobsu'vedmasecnontakendmghdnsohd.

That is to say,
- vp Ap

V. A

where Vp refers to the volume of the phase p present in the total volume V, and Ap

presentsthempmpcnonofzhuphasemaplmusecuonofthatsohdofwmlmk
It should be noted that, for the classical rules of stereology to apply in 2 transmission
sample.mesecnonduwghlhcsampleshouldbeno:hmkenhandieduchmsord;mwr

ofmesmallzstempcnem.

.ThcpmmcmgmhodhubeenamamduamhmquefaobmwngACMbecauseu '

does not take into consideration the fact that the asbestos fibers present may be
cmnpannvelydunmﬂ:eZdnacnonmhnvemthemmmumn Thus, if the
volumcpatenugeofuhemmesemuexnpohwd&ommmecwdmobmnedby

the point counung technique, the volutm pen:ent of asbutos present will genaally be

t um 2E. an Suredog). Mdm-ﬂeﬂcy WCM (1910)
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wsmlmwh:chlﬂ

‘commhmmmafmwmem;mbwﬂumm& In
| most instances, dlemnales_nmng?lofyubems connentuundeounmaom:aoscope
m&wh@&wmymmﬁyuﬂm&e&nﬂ&mm Therefore,
meseesummmyhemewﬂyempohmdmavolmmupm:boseﬁom
mgpomtcountmthod. _‘Ihunochmqwuessennal!ydmwhmhupmpoadmthelnm
American Society for Testing and Materials (ASTM) Method. Currently, this method is
being considered for-adoption by the National Institute of Standards and Technology
{formerly the National Bureau of Standards) as part of its National Voluntary Laboratory -
' Accredmnoohogmnford)edemmmofbulknbemsmmh This procedure
wﬂlpmndcnmasmmmoftbusbmosmunmkwhmhmybeusxlyextrapolam u

'toavolummeasmemt.

- € URRENTI.Y ACCEPTED EXPERIMENT AL MEI‘ HOD

The cum:mly acoeptod and most generally used methodology for the identification of
- ,asbestosmbunldmgmmlsucompanblemd:bodnheEPAmmmethodandthe
- proposed ASTM method. Idenuﬁcmonofﬂnubesmtypepmmgpohnndhght
microscopy follows accepted mineralogical practices. The quantification of the asbestos -
content by visual estimation wh!chuusedumpnble undenhe amendment to the 1982
Regulation published in the Egdgnl_xmm and is subsu.ntu.lly the same as that
_recommended in the ASTM method. It can be seen that there is continuity of approach and
- direct correlation between existing data and that which msy be produced under the ASTM

mMMMhMMimﬁmﬁoﬂ'damMﬁaﬁmm _
mthwmdumoﬁmﬁb&w'
fonoud‘lmmmmmmﬁmm of individual
fibers remamved from the bulk material The procedure has been outlined in 2 draft to
ASTM cmmz.osmmm 14, 19ss—'smmdrmg for

' .ummmwwmw
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muthodalhfcrbulknmplesofbundmgmmalsmbefimexmnedmmalow
(. powbmoculummseope Byuseofsuchammoseope,mefollomgobmmnscan'
K bemade S

A ¢ ) Theﬁbascanhedemcwd.

oo (2 The hormgenexty of d\emamalcanbedetermund. :

C - 3 Aprehmmary :denuﬁcanonofdwﬁberspmemcanbemade

B ) Anesumamot‘ﬁbaconcn:byvolumccanbemade. o

o (8). . ?Fibmmybesepmnedﬁ'omthemamformdmﬂed

L analysls of subsar.pples wuhthepolanzed hght nncroscope

L d

The method has been used essennally in its present form. by the majonty of the
participants in the EPA Bulk Sample Ana.lysls Round Robin program These results -
indicate generally good reproducxblhty and good accuracy in assessmg the volume

.. percentage of an asbestos mineral present in an msulanng material. The accuracy of such

an analysis does not differ very gready from the expecwd mhomogene:ty (or homogencxty)

. of the matcnal being analyzed (manufacturers specifications genmlly show a range of

. composzuon for any one product which ﬁequemly was midmonally modzﬁed atthe point of
o apphcanon) In the ASTM technique, quannﬁcanon of asbestos content is discussed in the
followmg terms: "A.quantitative estimate of the amount of asbestos present is most readily
o | obuuned by visual- comparison of :he bul.k sample in slide preparations to other slide
prcparanons and bulk samples wuh known amounts of asbestos present in them.” The
document goes on to state that esnmames of the quanuty of asbestos obtained by the method
are neither volume nor we:ght percent estimates, but are based on esumanng the pm;ected
area, from observation, of the d:smbunon of parucles over the two dimensional surface of
the glass shde.andonanobservanonofbulkmatemkmdﬂmabamforcarecnngtoa‘
weight or volume percent has not been eswblished. It is this latter aspect which will be
.discussed more fully in this document. The ASTM method, however, provides for the

~ percentage mbeﬁmasemdﬁ'omthebulkmmaluobmedouthemmscope
. ,it would seem,’ therefore, that this pen:entaze is'a closer appmx:mmon to a volume
percentage rather than a projected area’ one. - In addition the ASTM document states,
" "However, the error introduced by ssummg ‘that the estimates are equivalent to weight -
petcenmp:obablywndmdnpucmmoﬁhemuﬂemmhmque.

-




' CORRELATTON OF WEIGHT PERCENTAGE WITH VOLUME PB!CENTAGE
* : L tum&l’i‘-t Vo
Tomhzhwught&monof:hcphm 0 its area or volume ﬁuuon.uuneoessar}
as is pointed out in d:mwmaﬂnwﬁcmnmuﬂmhmevolm

- fncnonsofallmephasespruemmmemmmlmhm'

In any multicomponent system consisting of a compoaents, the wexght percent of
component i is given by the followmg formula: '

P,xVix 100
= o | M

where P; is the specific gravity of the ith component and Vi is the volume of the ith
component. medusfamula.uuclearmanfdnvolmpaeentuﬂthedemwofeach

individual elemoent in a bulk insulation sample is known, it would be possible to obtain a2 |

weight percentage for any particular component and specifically for those components
which are classed as asbestos. To determine this information experimenaally would,
however, be extremely time consuming, requiring the separate ideatification of cach
component in the matrix, determining its specific gravity from reference tables, and
applymg these factars in the formula,

Aﬁdmﬁwomvuﬁmismutfmmggemdinihichmumpdcmityhmumedfor
the nonasbestos matrix. In this model, the weight percentage, Wa, of a particular asbestos
typepmtnavolmmofv‘mdhmadeamyd&mmamof
denatme is given by the formula -

. P. X V. x 100
(mo-v.) X Py + (V.x P

'nemmwummemuummmmunwm;mm
cmdulmhmmmnoftbembugfaahgempofmmmy

muadmmamofz.sycm’myhemd.

@

1 mmummaMnnmmm
' ammmmnm S
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_ Sample' 1 Acom’n‘cal Material

PRACTICAL Apruclmozv

' nmsefmhsmubeapplndmumgcofsamphs Innpplymgformulaltodemmnne |

actual we:ght percentages, published values for the several components were used. -‘To

‘chcmmﬂwmmpaoenngesusmgmcmodeldcmbodbyfmuIaZ amamdcnsuy

of255(cm3wasassumed. '. A

"ol

Sample 1 is a sample of an acoumcalmau:mltakcn ﬁunan‘acmal.ceiliog treatment,

- Chrysodle ' 15.0 15.12 1551
- Glass Fiber - 60.0 60.47 -
Carbonate 10.0 10.85
Cement 3.0 3.26
Qay ’ . 100 8.53

~ . Gypsum . . 20;‘ C - L71%

(Appcnd:.x 1 shows in detaal bow these we:ght percemagcs are alculmd.)

Sample 2 Round Robm Scmple Jrom Iudcpcndcn! QC Ring

Sample 2 is from an mdependem round robin sample series in which four laboratories
participated. ‘Reported values for amosite content were 30%, 30-40%, 45%, and 15-20%.

The results from the second laboratory were taken using the midpoint of the reported:
compositional range (the midpoint of the reported range for sample two was selected as
most probably representing the-actual composition, lying between the mported valucs of

one and three, with four regarded as an outher)

. ..Amosie 50 - - 3882 41.55
™ Carbonate 35.0. . 3204 - |
*Cement 300 - 28.24
Sample 3 Sample A sm 'Bulk Sample Analysis Round Robin No. 16

Sﬁmple 3 is sample A from theEPA Bulk Samplc Analym Round Robm series, Round
num::er 16. .

Y

Component ms! Wik (Acuah Wi (Model

Amosie | -30".4.04‘ 392
Glass - 87.0 92.29 '

5“'*'?~’="Cellulose S 1000 3.67

l Volumepamugedmformpla?»l Sandsmwuken&omEPAMRobm .
mmwmndwmnqummmdofumm ,
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_'-Scmplcd S ScuphDEPA Bulk Saupk Analym Round Robu‘u No. 16 |
SamplediuSmpleD&untheEPABulkSampleAnﬂymRoundRobmsmes Round

Chrysotle : 3.0 - 353 o 312
Qay - - 97.0 - _ . 96.47 - - S
Sample S . - Semple D EPA Bulk Sample Analysis Round Robin No.-17

gam%lésl;s Sample D from the EPA Bulk Sm:p!e Analysu Round Robin scnu.Round '
um

Chrysotile 29 286 - 3.01
Amosie : - 30.7 : : 3440 - 36.90
Cemment 66.3 6304

Sample 6 Sample A EPA Bulk Sample Analysis Round Robin No. 17

rS\Iample 6‘17sSampleAfrom:be£PA Bulk Sample Anﬂymkmmdkohnsenes Round
umberl .

Crocidolite 97.0 - 9752 =~ 9178
Cement 30 248 _

- Itis clw&omﬂ:esedlnm{ormostumples'.duweightp&cénﬁpohhe asbestos
content is not substantially different from the volume percentage which is normally reported
,andnsmthmdnexpecmdvmmonbothofthemalyucalpmdmnddnsample
homogeneity. Adocmdmenxgmmmbewﬁmample
‘modelwh:chmmwmmx&nmyo(zsym’ :

Plouddnd&umbumobmedvolmmnp and calculated weight
pemnp.mmyzéﬂaﬂ » (Figure 1) and crocidolite, density 3.4 gfcm?:
(Figure 2) sve shown calculated using this model. The maximum deviation between the
'--nwmdmmmmMmmh”MMhdﬁ
wastase(audddie).ishsmw‘b. ' . . '

Empuomwin befmdmmnplawbocmmhwngmﬂnnﬂyhdnalom

densities than the asbestos observed. Figure 3 presents the extreme case of crocidolite
. (cbnnuSA;bn’)mamofq:ﬂqlocmﬂ:m_madmhmydO& glcu_:3.



Thcmegmmdeofthed:mpancymthecnncalteglonneu l%ushownmﬁguret% if -
. only the volume percentage eenmte is. used. mass percedtages as high as 3% would be -
tepomdesbelowdsedeﬁmnooofACM mﬁuscase.aemvemontowe:ghtpercemgexs
necessary if the we:ght pemenmge is not to be grossly underesunmed.

 SAMPLE msamsarr R

‘Some samples, for example ﬂoor tiles, roofing felts, and some cementitious products, may

require special treatment (ashing, solvent or acid extraction) to separate the asbestos from.
other materials in order to facilitate analys:s. In such cases, the zesulnng we:ght loss of the
sample due to treatment must be recorded and any volume to wclght paoentage correction
applied to the remaining material must be further corrected to take this weight loss into
consideration. For example, if 30% asbestos is detected in a sample after processing which
resulted ina 25% wexght loss. then the cozrecwd asbestos content is 0 75.x 30 822.5%

: CONCLUSIONS AND RECOMMENDATIONS

An assessment has been made of the vahduy of exn-apolanng toa we:ght pe:oentage the
area or volume percentage of asbestos presentin a sample as determined by polarized light
rmcroscopy A model has been presented which can be applied to area or volume
_ pcl‘ccntagc data to give a mo:e accurate estimation of the weight percentage. With che
exception of asbestos-containing materials having a substantial density differential between
mam.r and asbestos, generally low density cellulosic or perhnc matrices, the magnitude of
this correction is smaller than the expected vanabzlzry imposed by both the analytical
variation and the mhomogeneuy af the sample. ' As a result, the weight percentage of
asbestos present can genera.lbr be eqmd with the ab:erved area or volume pememge

The following mconmndaﬁous are made:

1) Fa‘nmpieewbooeappronmavengemmdenmyueloeewthnofthe
uhum:pectsobmed(mmmosyc&).mumeequmlenoedwelght
lndma'volmpemennge. o

2)  For samples whose approxxmate average matrix denaty dxffe:s from thas of
the asbestos species present by more than 0.5 glcm3 convert the observed
area or volume percentage to weight percen:age using formula 2, usmg a
matrix dens:ty consxstem w:th the pnncxpal matrix componems. , |




' "‘ABLE 1

e

Calcuh:ed xellnomlup between we:ght pementage and volume percentage of chrysoule
(density 2.6 giem3) in magix of 2 avmge density of 2.5 g/om3.

X _ B ' DIFFERENTIAL
VOLUME®% WEIGHT % . (WEIGHT%-VOLUME %)
0 - .. 0.00. - 0.00
5 - B ¥ o 0.19.
10 A 10.36 - 036
15 : 15.51 - 0s1
20 2063 - . 0.63
25 25.74 0.74
-30 30.83 . - 0.83
3s ©35.90 | ' 090
40 40.94 A 094
4s 45.97 | | 0.97
50 50.98 | . 098
S8 sso1. 0.97
60 60.94 - 094
65 65.89 - 089
70 70.82 ‘ 0.82
75 75.73 S & &
- 80 - 80.62 0.62
8s 85.49 o 0.49
90 . 90.35 o 0.35
95 - 9518 | . 018
00 100.00 | 00.00

-

Theso values were used w produce Fgare 1.
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| ( - Calculated rehnomtup between wexght percemage and volume petcentage of crocxdohte
' (densuy 3.4 glcm3) in a matrix of avemge densxty 25 glcm3

A - mmn‘m'ml.
vox.um_sl - WEIGBT-% 'WEIGHT %-VOLUME%
000 - 0.00
6.68 | | 1.68
1313 33
S 193 . 435
- 25.37 o 537
31.19 . 619
3682 - 682
Q. 727
41588 . . .- 1588
5267 167
5763 T 163
62.44 - 144
67.11. SR B Y
7164 6.64
76.04 o 6.04
80.31 . S 831
8447 . 44
8851 3.51
n4s . 240
- 9627 - -
10000 . 000

4“\'

E28RBIIRBUBEBLEUBGEB uo

MJWMpmwmﬁmdﬁml .
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- TABLE II

‘ Calculated rehnonshxp between weight percentage and Qolume percentage of cmci&o]ige
(density 3.4 gfcmd) in 2 matrix of average density 0.9 g/em?.

S . | DIFFERENTIAL
VOLUME % WEIGHT %  WEIGHT %-VOLUME%
0 0.00 - 0.00
. 1659 ' 11.59
10 29.57 | C19.87
15 40.00 S 25.00
20 48.57 28.57
25 55.74 3074
30 61.82 | 31.82
38 6706 32.04
40 7158 | . 3158
45 75.56 | ' 3056
50 79.07 ' 29.07
55 8220 . 2120
60 gso0- 25.00
65 87.52 . 22.52
i) 89.81 | 19.81
75 91.89 16.89
80 - 93.79 / 13.79
8s 95.54 10.54
90 97.14 . 7.14
95 98.63 S 3.63
) ~ 100.00 0.0

ﬂ-nhmﬂoﬁnmtgmdﬁuq_l

11



. TABLEIV

' Calculated relationship between weight percentage ‘and volume‘pemenu.lge of crocidolite
(density 3.4 g/em3) in a mamix of average density 0.9 g/em3 over the range 0 10 2

. volume%. -

.- .

S S o DIFFERENTIAL
S VOLUME % ‘ . WEIGHT % WEIGHT %-VOLUME%
0 . - 000 000
o1 038 | 028
0.2 C.e1s - . 08s
0.3 132 - . 082
04 - 0 1.49 ' 1.09
0s  1.86 | 1.36
0.6 - 223 163
er. s 289 L. 189
08 2.96 236
09 - 332 242
10 - 368 - 2.68
L. - 403 . 293
12 - 43 o319
3 474 344
14 - 509 E 369
1.5 . : . 544 | 394
1.6 B & I | 4.19
R X 2 X & 2T ¥ |
e 18 L 648 . 4.68
- 19 S 682 | | 492
.20 L 116 | . 8,16

" 'nnsnhumploudnm:hmdﬁmt -

12




Differenttal Percentage

‘Chrysotile In Matrix Of §.G. = 2.5

Mass - Voilume Pefcém Differential -

¥

10
S

81

~ Observed Volume Percentage

Figure 1. ‘
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APPENDIX I

txamples of Caiculations

2} Actual Weight Percentages

Sample #1
, o Wwt. %

' ~ Density Rel Wt x 100
Compound -~ Vol. %  (glmd) Relative Weight Total Rel. Wt.
Chrvsotile 1 '15.0 S S 1 i5x26=390 - 15.12
Glass Fiber 60.0 2.6 ol x 2.6 = 156.0 - 60.47
«.sbonate 0.0 2.3 i0x2.8=280 10.85
Coment .0 2.8 30x28=8584 _ - 326
Zlay 10.0° 2.2 100x2.2 =220 ' 3.53
‘Svpsum .0 - 2.2 20x23=4.6 CoL 1.78
TOTALS 100.0 - 258 11001

 b) Approximate weight percentages based on a model with assumed 2.5 g/cm3 density.

Sample #1
Vol. % Rel. We Approx. Wt. %
Chrysodle - 15.0 15x2.6=390 15.51
Non-asbestos matrix 85.0 8%x235=2125
TOTALS: ! 100.0 ' 2518
Sample #5

Sample § contains boch chrysotile and amosite. The approximate weight percentage is
calculated sepuramely foreach asbesws type as follows:

o . . Vol. % ~ Rel. Wt. Approx. Wt. %
Crmmgmnieny 20 atrysan s
Chrysotile totals 1000~ - 25029
Amosite (density 33 gem® 07 10131 2650
*‘on-chrysotile matrix - 3 73.25
s mosine rals | ETA 37456

17



Ditterential Percentage

Mass - Volume Percent Differential
Crocidoiite In Matrix Of S.G. =25

T L} i ] ¥ L LJ A T T

10 20 30 40 50 60 70 - 80

Observed Volume Plréomage'

9

14

S0

100



Welght Percentage

]

e

Observed Volume Percentage

Figure 4.
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FLOW CHART 1

: A Tacility to be
damolished.

IR

Is it an orderad
demolition?

Was the
order made by a

qualified state or
local govemmental

agency?
(§61.145(b){4)(XIV))

z .= Refer the owner/operator of the

‘affected facility to a qualified
~ govemnmental agency.

Remove all RACM
prior to demolition
according to section -
61.145{(c) and dispose of
accol ln? to section

Is it
possible to
removae all of the

M from the -
facility?

(§61. 145((:)(10)) p

Demodition by buming
is not applicable.

|

ot

" ! ' i
f [

The asbestos NESHAP requires the removal of a[l
ACM if a facility that contains greater than the
thrashold amount of asbestos will ba demoiished
by intentional buming. This requiremant Includes
_ the removal of all Cale?ory 1and Catego
" nontriable ACM which for the purpo '
Intentional buming shall aiways be oonsldared
FlACM (sactlon 6 145 (c)).

than 1% a

amount?

Is the total
amount of materlal
containing greater
tos
above the threshold

Is the demolition
orderad because the
facility is structurally
unsound gnd in imminent
danger of collapse?
. (§61.145(a)(3))

Not exempt from any
requirements of the
asbestos NESHAP,

Will the
building be
demolished by
intentional
buming?

YES

; Y
Thoroughly inspact
facility for ACM,

1

Analyze
representative samples
for asbastos content.

Does any sample
contain mora than
1% asbestos?

Notice reciulrements

1. o1 3adaey
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